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JAPAN

FINANCE MINISTRY APPROVES BANK"VAN"SERVICES o
0W201339 Tokyo KYODO in English 1209 GMT .20 Feb 86

[Text]‘ Tokyd, Feb ZO'KYdDO-—THe‘Finénce Ministry Thursday allowed banks to
start "value-added network" (VAN) services for providing sophisticated infor-
mation related to funds and accounting to customers. '

Four major commercial banks, including Dai-ichi Kangyo Bank, have already set
up subsidiaries for undertaking "VAN" services and registered them with the
Posts and Telecommunications Ministry. But the Finance Ministry has withheld
permission pending formulation of unified standards for "VAN" services of
financial institutions. "VAN" services of banks are limited primarily to
supply of information pertaining to funds and accounting. They are thus
barred from undertaking large-scale "VAN" services projected by Nippon
Telegraph and Telephome Corp. (NTT) and other firms. '

The "VAN" service links different computer systems to provide sophisticated
information. As a result, banks will nowbe able to supply a variety of high-
priced -information services, such as electronic mail, in addition to simple
calculation service. The Finance Ministry has been easing curbs on various
computerized banking services, including settlement by personal computer.

/9365
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JAPAN

BRIEFS

BROADCAST SATELLITE LAUNCH POSTPONED--Tanbeashima, Kagoshima Pref., 11
February KYODO--Bad weather Tuesday forced the third postponement of the
launch here of a broadcast satellite, the National Space Development Agency
reported. Agency officials said the launch of Satellite B52b was put off
until 4:56 p.m. Wednesday [120756 GMT] after warnings of a thunderstorm over
the launch center. [Text] [Tokyo KYODO in English 0529 GMT 11 Feb 86 OW]
/12913
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PEOPLE'S REPUBLIC OF CHINA

REPORTAGE ON SECOND TELECOMMUNICATIONS SATELLITE LAUNCH
Guided Into Orbit

HK210440 Beijing CHINA DAILY in English 21 Feb 86 p 1

[Article by staff reporters Liu Dizhong and Wang Gangyil

[Text] China's second telecommunications satellite was successfully guided
into permanent orbit at 5:00 pm Beijing time yesterday.

Launched into space by the nation's most advanced three-stage Long March-3
carrier rocket on 1 February, the satellite reached a geostationary position
at 103 degrees E longitude over Sumatra, Indonesia, 35,786 kilometres from
the earth. ' '

The satellite is functioning perfectly for telecommunications, radio and tele-
vision transmission and will be put into regular service soon, said an army
officer of the command centre of the Commission of Science, Technology and
Industry for National Defense.

The Central TV Station and the Central Broadcasting Station actually began
transmitting news programmes last night via the satellite, the officer told
CHINA DAILY. Satellite ground stations nationwide, including those in Gansu,
Sichuan, Guizhou,'Yunnan, Xinjiang, Tibet and other remote areas, reported
"excellent results" in reception. '

The party's Central Committee, the State Council and the Central Military
Commission yesterday sent a.joint message of congratulations to the scientists,

engineers and workers involved in the project.

The successful positioning of the satellite, said the messages, showed that

China had fully mastered the design and launch technology of carrier rockets

and the techniques of tracking and controlling communications satellites.

It also showed that China's satellite communications had moved from the experi-
mental-stage into the application stage, the message added.

"This achievement is of great significance in speeding up the nation's moderni-
zation drive and developing its space technology," it said.
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The message urged all those ‘involved in the project to work for new progress
in communications, broadcasting and space technology.

China has launched 18 satellites ofvarlous types .over the 1ast 26 years. 1Its
first- telecommunicatlons satellite was sent into space 1n April 1984 and was
also placed in permanent orbit over Indonesia. ‘

The new telecommunications satellite has been improved to raise efficiency,
particularly to enlarge its telecommunications capacity, said Ding Henggao,
minister of the Commission of ‘Science, Technology and Industry for National
Defense, in an exclusive interv1ew with CHINA DAILY :

Plans have been made to launch more telecommunications satellites in futurev
and efforts w111 be made to lengthen ‘their service life, position them more
accurately, and enlarge their telecommunications capacity, Ding said.

Other satellites will be launched to improve the nation's weather forecasting,
natural resource surveying and in other areas, he said

A long-term programme to develop China's space industry was being discussed
with' emph351s on self—reliance, the mlnister disclosed

But, he stressed, technological cooperation and exchanges with foreign coun-—
tries would deflnitely be expanded.

Last night, vice premiers Tian Jiyun and Li Peng, and PLA. leaders Yang Dezhi,
Yu Qiuli, Zbang Aiping and Hong Xuezhi watcheda a TV and broadcasting trans-
mission test at a satellite ground station in the suburbs of Beijing.

Transmission Quality 'Good '
0W202040 Beijing XINHUA in English 1958 GMT 20 Feb 86

[Text] Beljing, 20 Feb (XINHUA)-—China s second telecommunicatlons and broad-
casting satelllte, launched on 1 February and placed in its permanent orbit
above the earth's equator today, proved to be good in transmitting TV and"
radio programs this evening.

Tests showed that TV pictures were clear, colors were bright and sound qual-
ity was good.

Satellite experts said that any'partuoffthe”cOuntry can receive the TV and
radio programs transmitted by . the.neW'satellite with a six-meter antenna.

Satellite ground stations in Hebei Shanxi Shaanxi, Gansu, Jiangsu, Shanghai
Hunan, Sichuan, Guizhou, Yunnan, Tibet and Xinjiang were reported to have
received the CCTV program via the satellite.




Central Organs Congratulate Personnel 20 March 1986

0W200926 Beijing XINHUA in Ehglish 0912 GMT 20 Feb 86

[Text] Beijing, 20 Feb (XINHUA)——The Chinese Communlqr Party Central Commi t-
tee, State Council and Central Military Commission today jointly congratulated
scientists and research workers on the successful pos1t10n1ng of China's
second telecommunications and broadcastlng satellite.

This success marks the fact that China has fully mastered carrier rocket
technology, and that its satellite communications have moved from the experi-
mental stage into the application stage, the message says.

"While"encoufaging the Chinese people of all nationa11t1es tremendously, the
achievement will significantly speed up the country's socialist modernlzat1on
drive and help further develop its space technology," it adds.

The messagefattributes thebsuccess to the hard work of the scientists and
workers who participated in the launch, tracking and control of the satellite.

"We must work even harder to make new contributions to the developmentvof the
country's communications, broadcasting and space technology," the message

says.

"Performance Better Than First'

OW241112 Beijing XINHUA in English 1058 GMT 24 Feb 86

[Text] Beijing, 24 Feb'(XINHUA)-fChina's second telecommunications. and
broadcasting satellite is performing better than the first, Astronautics
Ministry officials said here today.

With the parabolic antenna to restrict its range to the territory of China, the
second satellite is sending back stronger. signals than the first one, which
covers one third of the whole earth. This has greatly helped improve the
reception of TV pictures, the officials said.

The communication capacity of,the.second satellite is five to six times that
of the first. :

China launched its second telecommunications and broadcasting sateliite 1 Feb
and placed it above the earth's equator 20 February.

16662
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 PEOPLE'S REPUBLIC OF CHINA |

XICHANG SATELLITE LAUNCH CENTER
HK230539 Beijing ZHONGGUO XINWEN SHE in Chinese 0317 GMT 20 Feb 86

[Report By Lin Hua [2651 5478): '"The Mysterious Valley--A Visit%toAChiné's
Xichang Satellite Launch Center'--ZHONGGUO XINWEN SHE headline] S

[Excerpts] Xichang, 20 Feb (ZHONGGUO XINWEN SHE)--Toward the end of the lunar
year, grass begins to grow again. On the eve of the spring festival, a vast
expanse of land to the north of Huang He was still covered by snow. However,
the hinterland of Mt Liangshan, which is 1,800 meters above sea level and
is the site of Xichange Satellite Launching Center, was another world in
which the mountains were a dark green color. I was filled with wonder when
arriving at this misty valley in the remote mountains, facing the towering
spaceflight launching tower. : -

"The Best Window for Launching"

It is not easy to find the best place for building a launching tower in the
vast 9.6 million square meters territory of China. xFifteen'years ago, afteri’
exploration, aerial survey and hydrogeological investigation, Chinese scien-
tists found this place in southwest Sichuan, which is a low latitude area '
with an ideal climate and a good angle for launching. The weather is like
spring all the year round, being sunny and warm. It was learned that the
weather in the nearby mountains was always cloudy and rainy, but this place
was always fine and sunny. According to experts, the first four months of
the year were the most opportune time for launching space carrier rockets
because both the high altitude weather and the inclination of the earth's
axis were favorable to launching. Therefore, the place was nicknamed "the
best window for launching". Here I saw giant radars on the top of a misty
hill, with antennae pointing at the sky in different directions. These .
antennae continuously probe the sky, and transmit various kinds of data ‘and
information to the ground station. ‘

Modernization and the Semi-Civilized

The buildings of the spaceflight base were scattered on the slopes of the
valley. Each quiet night, the starts in the sky and the lights on the ground
add radiance and beauty to.each other. With a gurgling mountain stream, the
atmosphere was so impressive that it made one think of being in a mythical

world.




All buildings here carried codes. The guesthouse we lived in was coded "No 2".
The tall "No 5" plant was where the rockets underwent "thorough checks" after
being delivered by rail from places far from here. The "No 6" building was
the control hall which controlled the bases air-conditioning. Others, like
the meteorological observatory, communications center, computing center and
the laser motion picture transit [jiguang dianying jingweiyi 3423 0342 7193
1758 4842 4885 0308] also had their codes. In the base were modern building
modern technological facilities and the people who supervised advanced science
and technology for national defense. However, there were clay walls and

huts scattered on the nearby slopes and along the road. .They were the haunts
of the Yi nationality, had "Cha'er Wa" (cloaks) draped over their shoulders,
and carried with them their social customs and tradition. .The Yis were very
superstitutious in some areas. Their living standards were poor and they
received little education. They called the launching of space rockets as
"firing white cannons." After the construction of the spaceflight base
began,. the prospects for minority nationalities living nearby hecamse unpre-
cedentedly bright. Because of ease -access and the improvement. conditions
for tilling farmland, the Yi villagers living near the base have income in-
creased year after year. Before long, the Yis living on Mt Liangshan no longer
practiced slash-and-burn cultivation but pursued such commodities as bieycles,
television sets and radio-cassette recorders. They had changed their living
style from a semi-civilized to a modern one.

Xichang Opens to the Outside World

Xichang City is the seat of government of Liangshan Yi Nationality Autono-
mous Prefecture. It is also the living area of the satellite launching center.
Scientific and technological personnel, experts and workers often travelled
by shuttle bus to .and from the base some 100 kilometers from the city. There
is a flat asphalt road link ‘to the valley. Scattered along the road are
cottages and farmland surrounded by green bamboo. An experienced leader of
Xichang Satellite Launching Center spelled out to me the prospects for the
base. He said that the United States spaceflight center was in Houston, and
‘the Xichang launching center would become the Houston of China. ‘Following
our recent success in launching a practical communications satellite, we
planned to open the base to the outside. Satellite users from overseas would
be welcome to.visit here and negotiate business concerning the launching of
satellites. .In addition to having spaceflight facilities, Xichang City,
nicknamed "little Kunming," is rapidly developing tourism. This mysterious
valley will win worldwide ‘appraisal with its unique glamor. ' '

6662
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PEOPLE'S REPUBLIC OF CHINA

MICROWAVE SYSTEM BUILT BETWEEN GUANGZHOU HAIKOU ‘
HK120932 Be131ng ZHONGGUO XINWEN SHE in Chlnese 1357 GMT 29 Jan 86

[Text] Guangzhou, 29 Jan (ZHONGGUO XINWEN SHE)-wThe 1, B800-circuit mlcrowave’
communications system between Guangzhou and Halkou,'a communications trunk
line of big capacity built on the basis of using foreign funds to’import
Japanese equipment, ‘was put into trial operation in late January. It is
expected that the project will be handed to the user unit and be put into
official use in mid-February.

This microwave communications system is designed by domestic units, and:the
main equipment--a 1,800~circuit microwave trunk line--is imported from Japan.
Other supporting equlpment, such as the carrier equipment,. the power supply
equipment, and microwave relay’ equlpment, is all made by Chinese manufacturers.
The whole system is automatic and does not need any human operators. ; It is:
monitored and controlled by.a computer. The computer terminals can record
and print the work processes of the communications system. :The monitor.
screens can show the conditions.of the wholeﬂline and all relay points.

This communications 11ne passes through Huax1an County, Zhaoqlng City, Gaoyao
County, Yunfu County, Xinyi Country, Maoming Clty, Huazhou County, Zhanjiang
Clty, Suixi County, Haikong County, .and Xuwen County, then crosses the. Qlong—
zhou stralt and reaches Haikou City, Wlth a length of 596 kllometers After
the line is put into use, ‘the- long-d1stance communicatlons network in the N
western Guangdong area and Hainan Island will be linked to. establlghed mlrro-
wave circuits in eastern Guangdong, between Guangdong and Guangx1, between
Guangzhou, . Shenzhen, and Hong Kong, and to the coaxial cable from BelJlng

via Wuhan to Guangzhou. The western Guangdong area will then have conven-
ient long-distance telephone services to Hong Kong, Macao, and other 1arge
cities in China.. Direct dialing in these long-distance telephone calls can
also be reallzed ~ The new communications system can also be used to convey
telex messages, data, newspapers; and photographs. It will be linked to the
inner-island d1g1tal microwave circuit which is now under constructlon, and
will then extend to. Sanya Clty.

/6662 _
CSO: 5500]4145
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PEOPLE'S REPUBLIC OF CHINA

METEOR- BURST COMMUNICATIONS SURVEYED

Nanjing DIANLI XITONG ZIDONGHUA [AUTOMATION OF ELECTRIC POWER SYSTEMSJ
in Chinese Vol 8, No 2, Mar 84 pp U48-56 : X :

[Article by Jiang Xienning [1203 0752 1337), . Power Research Instltute,v
Ministry of Water Resources and Electric Power, and Wang Zhenzhuang
[3769 7201 8269], Nanjing Automation Institute: "A Survey of Meteor-

Burst Communications]"
[Text] Meteor-Burst Communications.

With the rapid development of mini- and microcomputer technology, trans-:-
mission involving brief reflection of radio signals from meteor trails has
become an imporant means of long-range digital communication. The charac-
teristics of such systems are: (1) at distances of up to 2000 km they are
not subject to terrain limitations and direct point~to-point communication
without repeater stations is possible, so that they have clear economic '
advantages; (2) transmission is stable and the channels are not affected

by ionospheric noise, auroras, sunspot activity, or nuclear [as published]
magnetic pulses produced by nuclear explosions; ' (3) the system structure is
flexible, allowing ground-to-ground or ground-to-air communication with
either fixed or mobile stations, and either single channels or systems that
include hundreds of remote stations can be used; (4) meteor-burst communi-
cation uses intermittent, randomly appearing paths, and each transmission is
completed within a few hundred milliseconds, offering excellent security. o
As a result, these systems are already used by many countries for civilian '
and defense communlcations. ’

Meteor-burst communication, also called meteor-scattering or meteor trail
communications, uses the reflectlon of radio 31gnals by the ionlzed trall of
meteors for communications purposes. This type of transmission was flrst '
discovered in the late 1940's or early 1950's, but at that time computer
technology was in its infancy and there was no way of using this intermit-
tent phenomenon for communications, so that it received’ only brief descrip-
tions in communications textbooks. In the middle 1970's, with computer
technology developing rapidly, the United States, EurOpean countries and the



Soviet Union conducted large-scale, fruitful research on the mechanism and
laws of meteor-burst transmission of radio signals and used computers to
develop special communications forms suited to meteor-burst communications
which stored and buffered the intermittent random signals and detected and
corrected errors, thus producing a new digital communications technology.
In meteor-burst communication systems a master station and many remote
stations form star networks. In addition, several‘mastervstatibns can be
formed into a repeater system of the store-and-forward type, resulting in a
large-scale data network with any desired number of remote installations.
Systems of this type are used for long-range, scattered, wide-area data ’
acquisition networks and for exchange channels. They can transmit all kinds
of digital data; text, stationary image information and the like. Remote
installations can be combined with tracking equipment to perform vehicle,
ship or aircraft tracking. When these systems are in operation, the master
station sends out an address and command signal which is reflectedvto the
remote station by a suitable meteor track; when the remote station receives
the signal, if the address is correct it is ordered to start up its own
transmitter and send waiting data to the master station via the path already
established. Because each meteor burst lasts only a fraction of a ‘second,
continuous data must be broken up into several blocks for transmission,
continuously taking advantage of new meteor trails.

Types of Meteor Trails and Their Formation

Meteors, or space dust, are extraterrestrial material that orbits the sun
with a specific period and has elliptical orbits largely similar to that of
the earth. &Everyone is familiar with the magnificent phenomenon of meteor
showers, in which groups of meteors distributed over their orbits with
various densities ¢ollide with the earth. Their appearance follows regular
patterns. Meteor showers represent only an ‘extremely small proportion of
the total number of meteors observed. Those ‘that can be used to reflect
radio signals for communication purposes are numerous, irregularly appearing
single meteors (the term "irregular" indicates their randomness and unpre-
dictability). K

In the earth's orbit, some meteors are swept up by ‘the earth, while others
catch up with it; when their relative speeds reach 10-75 km/sec, the kinet-—
ic energy with which the meteors ‘enter the atimosphere is released during
collisions with air molecules and ‘converted to large amounts of heat, which
vaporizes molecules on the surface of the meteor; these continue to experi-
ence friction with air molecules, so that they lose their outer electrons
and become ionized. In this way, a tail consisting of groups of positively
charged ions and free electrons forms behind the meteor; ‘we call it a

meteor trail. B .

Research has shown that the factor causing reflection of rédio’signalsvis
the effective surface area of the charged ions in the trail, which is
generally denoted by @ . The equation is

o=—2_x(e?/mC*)*

10




where E is the charge, m is the mass of the charged ions, and C is the sgéed
of light. Calculations indicate that the value of ¢ for eledtrons is 10
times that for oxygen and nitrogen ions. Thus the free-electron cloud in
meteor trail is the key factor in the reflection of radio waves. The
meteor trails can therefore be classified in terms of the initial linear
electron density (i.e. the number of free electrons per unit path). As a
rule the linear electron density in usable meteor paths is between 1010
1016 electrons/meter. It is generally denoted N, and N=1014 is defined as
the critical density, equivalent to the linear electron density produced by
meteor ionization in an area 1 mm in diameter. A trail with N>101% is
called an overdense trail, and a trail with a N{ 1014 is called underdense.

Overdense trails exhibit metallic reflection of radio waves, which cannot
pass through them, so that the reflected signal has a high level, a rather
long tail, and fluctuation. Some of them even exhibit signal fading. As
the wave frequency decreases, fading becomes severe.

Underdense tracks have almost no effect on radio wavefronts, and the waves
can pass through them; when they do, the electrons are excited by the
varying electromagnetic field and brought into resonance with it, forming
pairs of small "dipole" antennas which act as secondary emitters in the
trail. The rise time of secondary-emitter signals from the trail is short

and the amplitude drops off exponentially.

To summarize, both overdense and underdense trails can propagate radio
signals and produce meteor-burst communications. The incident and reflected

radio waves are at the same angle to the trail.
Optimal Communications Distances for Meteor-Burst Systems

Usable meteor trails are generally 85 to 115 km above the earth (see Fig.
1). When they occur in the atmosphere, they form elongated paraboloids with
an initial head radius of about 1 m and a tail length of about 25 km. By
drawing the tangent from the center of the trail to the earth's surface we
can calculate the maximum communication range Lmax for the system:

Lo, = (8-h-R)7,

Let h (the altitude of the trail)ﬁ; 100 km, and R (the earth's radius) =
6,370 km then Lpax = 2,280 km, very close to the measured value of 1,100

miles. Experiments show that meteor-burst communications systems do not
have a lower range limit, i.e. they can cover the distance range from 0
(line of sight) to 2,000 km. Studies of the data throughput capacity of
meteor-burst communication systems as a function of distance have shown that
there is a distance range in which the throughput is at a maximum (see Fig.
2). It can be seen from the curve that the range between 600 and 1,400 km
is the optimum transmission distance. For short distances the throughput
decreases somewhat, to a minimum of 60 percent of the optimum value. When

11




the distance exceeds 2,000 km the thkoughput drops off sharply and the path
is interrupted. For channels requiring distances greater than 2,000 km, the
store-and-forward technique is used to form relay systems. : ’

Spatial Distribution of Effegtive,Reflecting Area

In real meteor-burst communication systems it is most important to under-
stand the distribution of the most important ahd most suitably located
meteor paths between stations. Measurements indicate that at a given time
there is a most effective reflective area in space. . An azimuth diagram can
be plotted from measurements, as shown in Fig. 3. It can be seen that the
horizon circles having line AB as diameter and the zenith areas vertically
above line AR are blind areas in terms of reflective ability; these areas
are indicated by zeroes in the figure. .The area marked with "100" on the
figure is nth= most effective reflection:region; it generally forms an angle
of 20-30° witl line AB. When a meteor-burst communications channel is
established, the antenna should be pointed toward these regions. ‘

In additibn, the loéatioﬁ of the effective reflecting region changes from
day to night; the pattern of its variation changes with the path
orientation. Fig. 4 shows the optimum antenna angles during the - day and

night hours.
Effective Duration of Meteor Trails

The size of the meteor and the speed at which it enters the atmosphere
determine how long the trail persists. Heavy, fast meteors have persistent
trails. After the trail is formed, it diffuses rapidly; the free electrons
can always recombine, and high-altitude winds can distort the trail or

break it up into sections. These factors cause the trail to lose its
effectiveness. Usually the diffusion coefficient D is used as a measure of
the diffusion rate of the trail. It generally is between 1 and 10 m2/sec.
The effective duration of the meteor trail is one of the basic character-
jsties used in determining the throughput of a system. In addition to the
diffusion coefficient, it is also related to the direction of the trail, the
communication range, the frequency used, and equipment characteristics. The
direction of the trail is random, but the duration of "usable" underdense
trails can be expressed as follows
‘ : e Mosectd

1622 D

where N is the wavelength, ¢ is half the angle between the incident and
reflected rays, and D is the path diffusion coefficient. The effective
duration of overdense trails is directly proportional to the linear electron
density. A typical duration for a meteor path is between 0.2 and 0.6
seconds. = Some publicatiohs‘use the waiting time (twice the interval between
effective paths) to indicate the functional cdpability of the system, and in
some cases the throughput capacity is used as an aggregate index of system
capabilities. These factors all measure system capabilities in terms of
various secondary factors and are not fundamentally different.
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Meteor Occurrence Probabilities and Patterns of Occurrerice

Prolonged observations indicate that in addition to the approximately 20
major meteor showers, irregularly occurring meteors enter the atmosphere
with frequencies inversely proportional to their masses. Observed meteor = - -
occurrence frequencies are given in Table 1. It is evident that every day
about a billion meteors produce trails in the atmosphere. These are the

basis for meteor burst communications. But the trail probability is not

uniformly distributed over time. A random distribution is rather evident in  >

the observation statistics for short periods, but for observation statistics
for longer periods and plots of the average number of océurrences per unit

time show regular differences in meteor occurrence probabilities by season,
between day and night, and even with the latitude of the communication path.
Mastering and using these patterns is an important stage in mastering '

meteor-burst communications.

In July the number of meteor trails per unit time is clearly several times
greater than that in January (the empirical figure is 4:1). Within a given
day, the number at dawn is much greater (about 3:1) that at dusk. At the
Equator, the variation in probability between daytime and night is greater
than in the vicinity of the poles, while the seasonal variation is greater
at the poles than at the equator. Figs. 5 and 6 give statistics for certain
paths, showing differences in the number of meteor trails both from day to

night and by season.

The changes in the number of trails can be explained as follows. The
nonuniform distribution of meteors in their orbits produces the seasonal
variation in the number of trails. The variation between day and night is
related to the earths rotation and revolution and the inclination of its
axis. Since in the morning one side of the earth is always on the advancing
side of the earth's direction of revolution, meteors overtaken by the earth -
and meteors colliding with it head-on can both be detected in the morning,
while on the evening side only meteors with speeds greater than the speed of"
the earth's revolution can produce detectable trails. Thus the number of
trails appearing in the evening is less than that in the morning. But even-
in the evening in January, when the probability of occurrence is lowest, the -
detectable number of usable meteor trails is at least 3 per minute. ‘ ‘

Characteristic Parameters of Meteor-Burst Communication Systems -

Working Frequency: The power reflected by the meteor trails to the receiver
is inversely proportional to the cube of the frequency. Thus the power
drops off sharply as the frequency is increased; the receiver's capabil-
ities determine the upper limit of the usable frequency range. Conversely,
as the frequency decreases there is a marked increase in fading of the-
reflected signal. Taking both of these factors into account, the frequency
range usable for meteor-burst communications is between 30 to 200 MHz. '
Experience indicates that transmission attenuation increases rapidly above
50 MHz, while below 40 MHz the antenna must be too large. The working
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frequency recommended by the Scientific Radio Services (SRS) company (United
States) is between 40 and 50 MHz. Of course the specific selection must be
made with reference to the surrounding environment in order to prevent
interference. The permitted channel bandwith in the United States is 5 kHz.
Permission from the cognizant organization is required for broad-band

c¢hannels (wider than 5 kHz).

Emitted Power; Increasing the emitted power will decrease waiting time, and.
relatively weak trails will be usable, thus increasing system throughput.
-But at high powers, antenna sidelobe interference increases correspondingly,
and power supply requirements also rise. The emitted power of the master
station equipment supplied by SRS is either 1000 or 500 W; and that of its
remote or mobile stations is 300 W (instantaneous_pulse power).

Receiyg;lThpeshold: For digital transmission paths, the receiver threshold
is defined as the minimum receivable signal level for a given error rate; 7
it is a function of the modulation type, the receiver noise figure, the ’
environmental noise level at the reception site, and the permitted’error
leyel of the terminal equipment. A low threshold decreases channel waiting
time. }If a meteor-burst system operating at 45 MHz uses coherent biphase
PSK (pulse shift keying) modulation, with a data rate of 4 kb/sec and a bit
e;;gr&;atev[BER] of less than‘10'3, the receiver threshold level will be

= m.

Antenna Gain: When the antenna gain is increased, the power at the recep-
tion site is correspondingly increased, but this does little to increase
system_thfoughput, because increasing antenna gain means narrowing the
directivity pattern which decreases the effective reflecting area covered in
the sky, thus cutting down on the ability to utilize meteor trails. Thus
medium-gain antennas are usually used, e.g. S-element Yagi antennas or 10-dB -

isotropic antennas.

Data Rate. The effective duration of a meteor trail is only a fraction of a
second. Experience shows that to achieve a suitable data transmission '
capability during this time interval while satisfying necessary formatting
requirements, the data rate must be at least 1 kb/sec. A rate of 2-4 kb/sec
is usually used; -higher rates are subject to bandwidth restrictions. For
coherent PSK modulation, the maximum transmission speed must be less than
half the permitted channel bandwidth.

Remote Station Density Liﬁitation

Because the beam reflected from the meteor trail is highly concentrated,
the path between two sites formed by a specific trail is the only
possible one. The projection of the reflected beam on the earth's
‘surface, i.e. the reception area, is usually called its "footprint."
Typical footprint dimensions are 34-40 km long and 8 km wide
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40-50 km is the density limit for remote stations, and also the limiting
factor for communications security. When the remote stations each have a
distinctive address code, the system is not constrained by these‘conditions;

Control Functions of Master and Remote Stations

Master Station Control. There are currently three types of station equip-
ment used in meteor-burst communications systems: master stations SRM-510
and SRM-520, which are full duplex and half duplex respectively, remote data
terminal SRM-550, and remote communications terminal SRM-540. Block dia-
grams of these systems are given in Fig. 7. Each type is computer-
controlled. The master stations use minicomputers and the remote stations
microcomputers: in all cases the software can be altered to provide special

system capabilities.

The master station controls the communications protocols and the processing
and output of received information. Received data can be sent automatically
to a printer or screen display, transferred to memory for tabulation, or
transmitted over a telephone channel via a modem.

The master station is usually équippedeith a 500 or 1000 watt transmitter
and a receiver, with a duplex or half duplex antenna switch, an antenna, and

a minicomputer system. .

The master station transmitter includes a crystal controlled oscillator-
modulator, a radio-frequency amplifier, a transmitter interface and a power
supply. The oscillator drives a PSK modulator, which is followed by a low-
level buffer amplifier. The radio frequency signal is amplified by a class
C solid state amplifier before being fed to the power amplifier stage. The
transmitter interface is used for buffering and signal conditioning between
the exciter, preamplifier, computer, and status and control systém,

The master station receiver includes three circuit cards: a radio frequency
and intermediate frequency mixer, a modulator, and a self-testing module
that drives a status card. On the panel are a receiver noise meter and test
points, allowing internal control functions to be monitored.

The output of the crystai—controlled radio frquency and intermediate fre-
quency mixer {1 MHz) is fed to a low-index linear phase-locked loop (PLL)

nift keying-controlled [as published] demodulator to provide

frequency snift ,
carrier synchronization and bit detection. The data output of the modulator

is sent to the computer via the control logic interface.

The self-testing module continuously monitors the operating status of the
master station so that the operator can determine whether a fault exists.
The self-test data modulates a test amplifier whose input is received by the
master station receiver; the received data are stored in the computer for
comparison with the original test data, making it possible to test the main

station's receiver and computer.
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Tabl-e 1. Numbers, dimensions and mass of meteors
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